Isolation of the patients with RSV, standard infection control procedures and maintenance of stringent hygienic conditions and/or the administration of palivizumab are important to prevent the spread of the RSV outbreaks in the Neonatal Intensive Care Unit (NICU) [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, there is no consensus on the management of outbreaks of nosocomial RSV infection in NICU.
The aim of this study is to determine the ability of early antigen detection, isolation of RSV (+) newborns with LRTI and applied of standard infection control procedures to prevent nosocomial spread of virus from isolation rooms to the Neonatal Intensive Care Unit (NICU) where high-risk infants were under care.
Subjects and Methods
Our NICU (Regional Training and Research Hospital, Erzurum, Turkey) has a 25-patient capacity with 23 incubators and two open-bed and six mechanical ventilators. Our NICU consist of five different rooms on the same floor of the hospital. Our annual average patient number is around 1200. Approximately 200 of these are premature infants. The study was carried out prospectively between 1 October, 2010 and 31 March, 2011.
During the RSV season (October through March in Turkey [15] ) all newborns who were admitted to the NICU for LRTI (Group 1) were first tested using an antigen detection kit to identify RSV (+) neonates. RSV (+) neonates with LRTI (Group 1A) were isolated and segregated in a room separate from RSV (-) neonates with LRTI (Group 1B). Infants at high risk (gestational age ≤ 32 weeks, infants with bronchopulmonary dysplasia or hemodynamically significant congenital heart disease) for RSV infection who had been hospitalized continuously since birth (Group 2) were also segregated and observed at least weekly as sentinels for nosocomial spread of RSV infection. Group 2 infants were tested weekly for evidence of RSV infection using the antigen detection kit and monitored for respiratory symptoms.
All newborns were followed in the same NICU. Standard infection control procedures (face masks, hand washing, gowns, gloves, visitor (only mother) and separation of the nursing staff) were in place throughout the study period. Each patient has dedicated instruments (e.g., stethoscopes) at their bedside. Infection control procedures were not including monitoring house staff and visitors for RSV shedding using the antigen detection kit.
Neonates for group 1 were included in the study if there were 7 to <30 days of age, if they had evidence of lower respiratory tract symptoms with physical or radiographic signs and symptoms of infection such as fever, cough, tachypnea, hypoxemia (Oxygen Saturation (SpO2) measured by Masimo Radical 7 pulse oximetry (USA) <88% in room air [3] ), retractions, nasal flaring, groaning, apnea, wheezing, rhonchi, rales, and/or infiltration on chest x-ray. The SpO2 measurement was taken when the baby was quiet, and after suctioning to remove secretions. Measurements repeated within the first hour of admission to confirm the reading SpO2 level.
Infants were excluded if there was evidence of respiratory distress syndrome from birth, meconium aspiration, or congenital pneumonia or if they had evidence of congenital abnormalities of the respiratory tract, heart, CNS or evidence of metabolic disease that could lead to respiratory symptoms.
At admission, RSV antigens, arterial blood gas, hemogram, C-Reactive Protein (CRP), blood cultures and chest x-rays were obtained. Patients with viral pneumonia were treated conservatively (oxygen, hydration or mechanical ventilation). Group 1B infants with bacterial pneumonia were treated with antibiotics cefotaxime and ampicillin initially. Treatments were adjusted according to culture results. Infants in group 2 were not treated with palivizumab. Mechanic ventilation requirement and duration of hospitalization were noted.
We obtained ethical committee approval and a written consent form from the families of all newborns.
RSV antigen was screened using Respi-Strip kits (Coris BioConcept, Gembloux, Belgium) following the manufacturer's recommendations. Nasopharyngeal swabs were taken, placed into tubes containing normal saline solution and agitated. Eight drops of extraction buffer solution were dripped into this mixture. The test strip was submerged into this and incubated for 15 min before reading. The presence of a positive control line with a positive test line was taken as a positive result. Samples could not be confirmed with PCR due to technical difficulties.
Statistical Analysis
SPSS 17 was used for statistical evaluation. Descriptive statistics were used for all the studied variables. Conformity of data obtained by measurements to normal distribution was analyzed using the Kolmogorov-Smirnov test. Data in conformity with normal distribution were analyzed using the Student t test, and those not conforming using the Mann-Whitney U test. Data obtained by measurement are given as mean ± standard deviation (min-max). Data obtained by counting are presented as numbers (%); analyses were performed using the chi square test. p<0.05 was regarded as statistically significant.
Results
Forty one newborns were hospitalized for LRTI during the study. All of them were screened for RSV just before hospitalization. There were 15 RSV (+) infants (Group 1A) and of those, 5 newborns were admitted from another hospital and 10 were admitted directly from the community; 26 LRTI cases (Group 1B) did not have RSV upon admission; none of the 41 neonates with LRTI had received palivizumab prophylaxis. There were no differences in demographics (Table 1) , physical or laboratory findings upon admission with the exception of a higher heart rates, higher white blood cell count and higher CRP in group 1B (RSV (-)) when compared to group 1A (RSV (+)) ( Table 2) . Infants in group 1B were hospitalized for a mean of 10.4 days but this was not significantly different from the duration of hospitalization for group 1A infants (mean of 8.1 days) and more group 1B infants required mechanical ventilation (n=6, (23%)) than 1A infants (n=2, (13%) ). There were no deaths in either group. The 36 infants that were monitored as group 2 remained free of RSV throughout the study period. Among group 2 infants, 116 antigen tests performed over the study period. Group 
At chest radiography, diffuse reticulonodular infiltration and hyper aeration were observed in all cases in group 1A, as well as linear atelectasis in one case. In group 1B, seven cases had diffuse reticulonodular infiltration and 19 had alveolar type infiltration. While no newborns in group 1A had blood culture positivity, three cases in group 1B have blood culture positivity (Staphylococcus hominis was grown in two cases and Staphylococcus aureus was grown in one case). There was no growth in the tracheal aspirate cultures from infants requiring mechanical ventilation.
Discussion
RSV is the most common cause of pneumonia and bronchiolitis in infants and is responsible for significant morbidity and mortality in high risk groups [1, 3] . RSV is a respiratory infection agent commonly seen during childhood all around the world [1, 3] . RSV infection rates have been reported between 29.5% and 39% during childhood in Turkey [16] [17] [18] . Hacımustafaoğlu et al., [18] reported that incidence of RSV in infants below 3 months old is 47.9%. In Brazil, in the same age group RSV incidence was reported as 50% [19] . In our study, RSV related LRTI was 37%. This high level indicates that especially hospitalized newborns in RSV risk groups have severe potential danger for RSV infection in the NICU.
Diagnosis of pneumonia was made by symptoms and characteristic findings on x-ray. All of the group 1 infants met these criteria. Fifteen newborns with LRTI were RSV positive and 26 were RSV negative in our study. In all cases with LRTI, SpO2 levels of were under level of 88%, regarded as hypoxemia and all of them were have various LRTI symptoms. Newborns with RSV negative LRTI had higher heart rate, white blood cell counts, CRP values and mechanical ventilation requirement than RSV positive patients. These conditions 
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• may be connected with severity of the illness or most of the group 1B patients having pneumonia caused by bacterial micro-organisms. Bacterial micro-organisms were grown in blood cultures in only three cases.
Protection with active immunization against RSV is not yet available. There is very little information on the management of outbreaks of nosocomial RSV infection [20] . At present, protection of newborn infants in the RSV risk group involves passive immunization (palivizumab) and standard infection control procedures. Palivizumab prophylaxis in NICU outbreaks is not standardized yet. It is only approved to use for high risk infants after discharge in RSV seasons. Palivizumab prophylaxis has been reported to prevent RSV infection in healthy newborn infants in the risk groups when they are in the NICU during RSV outbreaks [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Abadesso et al., [7] concluded that standard infection control procedures might have been insufficient in the prevention of RSV outbreaks in the NICU and that the use of palivizumab might have contributed to the prevention of such outbreaks. Dizdar et al., [8] also reported that RSV outbreaks in the NICU could be successfully prevented by standard infection control procedures and palivizumab prophylaxis. Kurz et al., [9] reported that administration of palivizumab to risk groups when hospitalized in the NICU and standard infection control procedures prevented an outbreak after determining RSV infection in a premature neonate with a gestational age of 28 weeks and birth weight of 965 g in the NICU. Cox et al., [11] reported that standard infection control procedures failed to prevent spread of RSV and there were no further cases with administration of palivizumab prophylaxis to high-risk preterm infants. Palivizumab prophylaxis and standard infection control procedures were applied in these studies and RSV outbreaks successfully prevented.
In our study, there was no nosocomial spread of RSV in our study due to the screening for RSV infection of all newborns with LRTI just before hospitalization, isolation and attention to infection control measurement. Group 2 infants have no extra respiratory symptoms, an increase need for oxygen or ventilator assistance during the study period. Group 2 patient were not immunized with palivizumab before being hospitalized.
Although we were able to prevent any potential outbreak with screening of the patients with LRTI for RSV firm infection control procedures, these might be insufficient in preventing all outbreaks. Because infected patients, health care workers and all instruments used for patients may be carrier of RSV. RSV can infect infants via direct contact through droplet inhalation or contaminated surfaces. It can survive for up to seven hour on surfaces, gloves, tissues and clothes and for 30 min on the skin; infected individuals can spread the virus in their surrounding areas for 2-3 weeks [21] .
The RSV Respi-Strip assay can be used as a rapid method for detecting RSV in samples from pediatric patients. Gregson et al., [22] reported that the sensitivity and specificity of the RSV Respi-Strip were 92% and 98%, respectively, with a diagnostic efficiency of 95%. The limitation of this study is that Respi-Strip RSV assay could not be confirmed with Polymerase Chain Reaction (PCR). But samples could not be confirmed with PCR due to technical difficulties.
There are multiple viruses that have been implicated in the etiology of lower respiratory tract infection among infants, and all of these viruses might represent a severe potential danger for newborns (e.g., adenovirus, metapneumovirus, influenza etc.). Again, these viruses could not be investigated due to technical difficulties. Nasopharyngeal swabs may also be tested for bacterial (super) infection. There was no worsening in the group 1 patients during follow up. Therefore, nasopharyngeal swabs were not taken.
In conclusion, this study shows that the rate of RSV infection in newborn infants is quite high, at 37%, screening of RSV in newborns with LRTI just before hospitalization, isolation of infants with RSV and strict adherence to infection control procedures might prevent nosocomial spread of RSV infection in the NICU that care for at risk infants even in the absence of palivizumab prophylaxis. Standard infection control procedures, isolation and RSV antigen test are simple and easily available in terms of preventing RSV outbreaks in the NICU.
